Flavin 1,N6-ethenoadenine dinucleotide (eFAD) was prepared by the action of chloroacetaldehyde on flavin adenine dinucleotide. This compound, which has two potential fluorophores, e-adenine and isoalloxazine, shows extremely efficient energy transfer from the former to the latter. The fluorescences of both moieties are greatly diminished in the intact molecule. Determination of the fluorescence yields and lifetimes leads to the conclusion that at 200 in neutral aqueous solution eFAD exists mainly (90%) as an internally complexed or stacked form. In the shortened forms of the names, the abbreviation "e" now generally in use stands for the etheno bridge. * To whom to address reprint requests.
We have obtained the fluorescent derivative of flavin adenine dinucleotide (FAD), flavin 1,N6-ethenoadenine dinucleotide (eFAD) (1) in pure form by extensive chromatography, monitored by means of the homogeneity of the fluorescence lifetimes. In this modified coenzyme, prepared by the action of chloroacetaldehyde on FAD, there are two potential fluorescent groups, the 1,N6-ethenoadenine (cA or eAde) moiety (1) and the isoalloxazine moiety. Their quenching and energy-transfer properties are of special interest (2,t) , and the fluorescence yields and lifetimes provide the basis for assigning the relative proportions of open and stacked or folded conformations (3).
MATERIALS AND METHODS
Flavin 1,N6-Ethenoadenine Dinucleotide. Reaction of FAD with a 50-fold excess of 1.5-2.0 M chloroacetaldehyde (pH 4.5) for 72 hr at 230 with protection from light produced the 1,N6-etheno-bridged FAD. The extent of reaction was monitored by use of polyethyleneimine thin-layer chromatograms (Polygram, Brinkman Instruments) which were Abbreviation: eFAD, flavin 1,N6-ethenoadenine dinucleotide. In the shortened forms of the names, the abbreviation "e" now generally in use stands for the etheno bridge. * To whom to address reprint requests. t Harvey and Damle (2) announced the preparation of EFAD, but our findings on pure material are in strong contrast to those reported, especially with respect to energy transfer. We suggest that considerable error could have been introduced if the eFAD was used in the fluorescence studies without chromatographic purification, since significant amounts of hydrolysis products are present in the crude compound. The large emission with a maximum at 410 nm attributed by Harvey and Damle to the eAde moiety in EFAD is undoubtedly due to some contaminating unquenched eAde derivative, such as a mononucleotide. (5), was found to be the most sensitive criterion of purity and was therefore extremely useful for following the purification procedure. All purification steps were performed at 50 and in the dark.
Hydrolysis of eFAD by Phosphodiesterase I from Crotalus adamanteus venom (EC 3.1.4.1) (Sigma). The Considering the high degree of freedom of the dinucleotide and the high rate of dynamic quenching (1.7 X 108 sec') or diffusion of the e-adenine and the isoalloxazine portions toward each other, energy transfer would be expected to occur with the high probability observed (6) (7) (8) .
In terms of coenzyme activity, Harvey and Damle (2) have already pointed out that EFAD provided almost full enzymatic activity with apoglucose oxidase, but no activity with apo-D-amino acid oxidase. Determination of the activity of XFAD in comparison with FAD, together with application of the present data concerning fluorescence and conformation (ref. 3 and this work), should provide additional information regarding enzyme mechanisms and binding modes.
